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Abstract: Ochratoxin A (OTA), a secondary metabolite produced by species of Aspergillus and Penicillium with
multiple toxicity such as nephrotoxicity, teratogenicity and immunotoxicity, is gaining more and more attention
worldwide. A detection technique possessing high sensitivity that would be operable with ease is preferred for
determination of OTA levels in foods and feeds. In this study, a rapid and sensitive magnetic nanoparticle-
biotin-streptavidin-Au nanoparticles-enzyme linked immunosorbent assay (MNPs-bs-AuNPs-ELISA) was
prototyped and used for detection of OTA. The result proved that biotin-streptavidin enhanced the detection
signal and thereby improved the sensitivity of the assay. The lower limit of detection by using
MNPs-bs-AuNPs-ELISA was 0.01ng/mL while the ICso was 0.13ng/mL. The detectable range was 0.02-0.73ng/mL.
Cross-reactivities to OTA analogues, ochratoxin B and ochratoxin C, were 4.3% and 8.1%, respectively. No
cross-reactivity (<0.01%) was observed to other co-occurring mycotoxins (AFB,, ZEN, FB;, DON, CIT and PAT). The
recovery rates in spiked samples of corn, wheat and soybean ranged 85.6%-115.7%, and the intra-day and
inter-day relative standard deviations were <10%. Simultaneous analysis of commercially obtained samples (corn,
wheat, and feedstuff) showed a good correlation between MNPs-bs-AuNPs-ELISA and liquid chromatography
tandem mass spectrometry (LC/MS-MS). This new method can be used as a sensitive, simple and cost-effective
assay to quantify the levels of OTA in cereal and feed samples.

Key words: ochratoxin A, magnetic nanoparticles, Au nanoparticles, biotin-streptavidin system, quantitative
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HEFEFE (mycotoxin) NEFE 7 A —3
A B RBACE W), £ B b 22 4 U R TE
BR. DRIK 400 ZMERFHER, K0 AA
B B A ECRAR SRR, YR s K
{8 38 ™ B W (Sorrenti et al. 2013). /i B
#F % (ochratoxins) FZHER I Penicillium
2 8 Aspergillus 774, | IZ AZ4E TR & F11H
Bhep, (5 2R R R R T E R RN R
FRATAY), kkii R R A (OTA), i ERR
B (OTB) FIfMiFE#H C (0TC) %, H ik
BRI H 2 R w109 OTA. OTA
FERWTHY, Wns Germel, T RERME
Y, WA NESYIR BTG G B AHUE,
AR E VBN, B EREEREN, sl
AV B, L R] s G A AR S IR A R
(Brennan et al. 2017). T HA R B
PR G 5%, OTA &% [ by e oiE #F 78 AL A
(International Agency for Research on Cancer,
IARC) #1IJ9 NRIGAER ZUm 5 RL group B 2K
(1IB) Y (&5 2016).

HAT OTA Al J7 vk £ 2 A HH AL S8 1L fo g%
SrHTiE (Zheng et al. 2006). = R (i
(HPLO) STt (GO R (i H K5
W (LC-MS/MS) ZEAX ARV AE HAT R 4 A 5 AN
HIPERFE, BT RN ORI A R R
fer, [FIERE it P A B AR O BB H AR K, 7R
—EREEE BRI T AR R R N (A
2018) . AHELT & 5 TR B4 7] 4 S 1 S v 1)
G J5E ATV G0 BRI A AT UV | A JE B A vk
AU R k24, T B RBUE s R R R
LN, TR RIE o 7 G o) M e il
U, R e B I A A I AT, AR SRS
a7 A O 2 TR AR R R, kg U
TEHAZWEMR-FEERETHEERSR
(biotin-avidin-system, BAS), fEfE&E MR-
MK EEE SR B 45, AT O e bR i
MURER B nuenfs . R, ZRGHBEHT

PR A PR I 2 1 B e = A (Kendall et al.
1983).,

1R FIAE 5 1Y 9 SR s 18 7 o 3 F A ) R
TR FE A0k, AR AT HIEAT T ORIR R
IR ST ) R T 40 OK G RSB B AR Ak P Bl BUAR 1
ikl B R R B A T, @ gk S
VE N, £ Anti AFB,-HRP 55— Mgk 4
Kighi &, TERUZEMIZ BRI HRP B AW Rl
S5 RIER G (R4 2018); BhAMESHET
PR B 3R R0 SR 1C BT AR 1 K A 5 04 T s 00 7
2, DLGOKHEER R ik [ e s e ), IR 4
SR AN R L S AL Pl XU AL DL AR AL SR, 1
ATAS SR, 7E SEILER HAS I R BOE D[R B,
BT FEIBEENRIFER CH NS 2019), A
FOPLIE T IR FT 4 S, I R F 9K R ER ) 45
MEER-SR SRR SR S &), HEEEMER-REMNE
RGPS R0 PS5 38 9 R, RIS B
RIS E AP -FE B SR FIZR (Strep-HRP) ARic4l
K4k (Strep-HRP-AuNPs) fi 1k JE M 4715
SR, DAAR A SEELAR P AR OTA R
L R E SR
1 MR 7
1.1 #¥t
1.1.1 FERG: R EREER A (OTA) DU AR
LB AR AR L 1-(3- IR YL )-3- 2Kk R
TEREERRER (EDC). N-FRIEBEIHAMEIEAZ (NHS)
W Sigma A#]; B A AbRIC R SRR R
(Strep-HRP) 4 [ Anaspec AT FRILIEIHKIZK
EEk M270 (15305D). AW FAmid il (21435)
1 ZebaTM Rii th 450 H Thermo Fisher Scientific;
OTA H157 BEH TR (Anti-OTA) . OTA fHIEE TR (OTA-BSA)
AR L A BERR IC Y OTA (OTA-HRP) #4124
ARSI G = A A % 5 HARAR DGR B T E 254
Ak G BR A ] s 28 W0 BF 14 R0 R SRR A el
VLA A g dor e B 2 BRI F e $ 11
1.1.2 FEALLS: BRI SpectraMax M2 4 H &
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Molecular Divice A @], 96 FLAR /KPP Pk
#& (QB-9001) My HfE] 17 HAK DURACERHlEA IR
AT EEEOHL (D-37520) W E Thermo /A l;
EP &l /142 (MS-12) I [ 32 [E] Bangs Laboratories
AT 96 FLAR L Rl RS B i VT K 2 sh W Tl
B = 28t S Bt ol

1.2 PKREIK-EREMEEEY (MNPs-Anti
OTA) HIHIF

G0 K B R 3R TR JE V5 A 5 AT S oA 1) 2 2
245518 FE Bk e 3L 8, AHi 70 1B 2 A
IR B S NOK k- R ER A E S

(MNPs-Anti OTA).

ERAE P IR « RIS 0 99 K BR A
e %% 5, B 100uL (30mg/mL) T EP & A,
SRS, A BE, MASESTRR
25mmol/L MES ZEM (pH5), BHEJRS], HEL
WhtE sy &, 32 B, EE FRPIR 3 IR, Bk
WiEk; M\ 50mg/mL EDC 1 NHS VA % 50uL
THiEkF, SEEBIRG 30min, HHHRKEE; 5%
BOfE, M F R ERAE SRR EEER: In N 100pL
25mmol/L MES ZE7 (pH 5.0) Bt & IR IE N
0.7mg/mL Anti-OTA HUARIE K 2 O & W 1 G 2k
W, RIRIRET RN 2h, NS HR R VeI R
5 J5 I\ 100uL 50mmol/L Tris ¥ (pH 7.4) =
IR S 20min, KA SR B
YIS 5 R T 100uL fERG Sh 220 (PBS, pH
7.4) H, ELISA %€ )5, 4CRAESH .

1.3 &% #5112 OTA {BEL#1/R OTA-BSA-Bio Yl
#5%%

i LE AL K T I, AR R B R —
MR AR IE 1) 20 £ 24, B AR
534 3mg [1) OTA B IHT)5 OTA-BSA (2mg/mL),
25, AEYER (Sulfo-NHS-LC-Biotin) FHEZ N
137uL (3.7mg/mL). hric 2B IR U1 R ATk : OTA-BSA
W 2mg/mL, AR 1.5mL GEFI VB £k 22 b
7, PBS); FRHX 2.2mg Sulfo-NHS-LC-Biotin ¥& T
600pL R4l /K, HX 137ul B & AE R RN

602 EFIR

FbRic M EBPUR B, L NERR RS, Eif
N 2hs [RIEERGE, PEHI4 ZebaTM it #hAT
1 000xg B5.0» 2min, FFEE B 2-3 &, L&
BRAR R ORI BT AR 9y 1 IR IR & R B
.

B 5l HABA v (Landar et al. 2006; Yellepeddi
et al. 2009) 115 LR bR =4 OTA-BSA-Bio [IF%
iCBE/REL (OTA-BSA: Biotin), ZIRUNK:

(1) B 10mg A& eooul W E N
10mmol/L ] HABA ¥ 2T 19.4mL PBS, 747
VR A) 5 EL 180pL T+ 96 FLARHT, Wl 500nm Kb
FE, 10N Asoo/HABA/Avidin; (2) X 20uL OTA-BSA-
Bio I kL, JRA1J5 M 500nm ALIREEE, id
N Asoo/HABA/Avidin/Biotin; (3) #Z il PH AR,
HR 3 Asoo/HABA/Avidin 5 Asgo/HABA/Avidin/Biotin
BAH, THE AR IR,

J5 4% ] ELISA % OTA-BSA-Bio HEAT ffi %
. OTA HLTL PR T ELISA H (0.5pg/FL),
W IKINN OTA-BSA-Bio HI Strep-HRP #E4T/EFH,
[ 5} % B OTA-BSA 1E %t R
1.4 PR E-FHRIRT FIIEE- SRR RIRICY

(Strep-HRP-AuNPs) RV &

oK 4 (20nm) [ % A% € % Zhang et
al. (2018a) M7k

B 20mL 9K &%, I pH 2 8.0 (ffifH
0.2mol/L K,CO3 ¥ s ZZ1ZZ M MA 2.5mL ¥
T 2mmol/L BEE $H 2 v (BB, pH 7.4) K3k
R st 48 A4 ) g - i il 5 A 2V MR (Strep-HRP,
0.1mg/mL), ZEMIEA L 30min; BEJEMA
10mL & TN IR #h 22 vl (BB, pH 7.4) )4
MEEEHE (BSA, 10%) V&, ‘iR fhi+e
SN 30min; AR A ARFRICH Strep-HRP, $E15
FEYIRIE — B, FRIC TR A 2 500xg B0
30min J5 FUTIE, F4 8000xg B L 40min, #
s AR %% (2mmol/L, pH7.4) H
BULTE, B EFBIRE 2 20mL; /54 6 000xg
20 30min 3 1iE, ®E 3 KJE, 5mL PBS 2%
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M (10mmol/L) HEARICME T 4CHRAF
.
1.5 ETFHKRFRMEME-FMERGKRN
OTA 755% (MNPs-bs-AuNPs-ELISA) ROZEE ST

RS SR LI 10 1277 VR T B e S
¥ OTA Hu o P HUAR ALl 22 gl K Rk 2 T LA 244
KHEER-PUA R A9 (MNPs-Anti OTA), 4K Ek
TR - oA (1R 3 3 1 S AR AR F S A5 55 4 S B B
ey, [ A FH R S A A A T - T 5 A 3%
(Strep-HRP) FRicdgHoK 4 ki (Strep-HRP-AUNPs)
BEAT A 0, POME S sm g (AER R
FIZR 2 G0 FVEE 235 FH 2R - BORR I 484k P Bl e 1 4
KD B[R AR ORIE R ARG 5, Sl
OTA (1) B is iy R ks il

el 5 B an R . (1) BURSRE G IO G RR-0TA
Fitk 2 &% (MNPs-Anti OTA) B T 96 L
(10uL/fL), FHEE 3 AT, 250uL B
B OTA bRt 5 250uL A9 & Frid i) OTA 18
Pt (OTA-BSA-Bio) ZEAAFVR A JE A & =
ML (150uL/4L), 37°CYEH] 45min J&,

FHWC 28 T e DO R B PR AR, PRI SR TR
A 10mmol/L PBS (200uL/fL); (20 HEFLINA
150uL FAR 48 10 ) g - i 25 A1 3 bR id 4 oK
SR (Strep-HRP-AuNPs), 37CI/K iR &
I 15min J5, BHEMPEHRMER; (3) 1A TMB
&Y (100uL/fL), 37°CJ M 5min J& 2mol/L
H,S0, £ 1k B (50uL/FL), BEFRALISZHL OD4so-
7E MNPs-bs-AuNPs-ELISA #30K, REERPLIAR
HAY) MNPs-Anti OTA [F)id & £33 BT 5 18 1w
, S EUR I R R PRI
K FH AR A 7 B v 2% SN 21 4y a3k AT AL
(Jiang et al. 2012). MNPs-Anti OTA F B i £k
XN 1:50. 1:100. 1:200 A1 1:400; OTA-BSA-Bio
M 0.02pg/mL FF4f, 5 LU 6 MR BRI
AL P - BE B R &K AR ] 90 oK & BUR
(Strep-HRP-AuNPs, 0.5mg/mL) 1) B £ £k
%9 1:500- 1:1 000 1:2 000. 1:4 000 #1 1:8 000.
DN T & 2H 53 B R BE S AR K B S e RIS
H), WEEFEAKIKA 15, 304 45 Al 60min,
B RBMANE TSR, 70 A SIS

n]]f

JEY)

< f Substrate
‘DQWLA‘ %‘ e e %‘ .FZ%
Product

I
o, 9 N
oo,YSQoO FRIAE R 9K Wh 2k
COOH‘(@OOH Magnetic A oA
P 5%y,  nanoparticles
]

T OTAZ 3 B i A

2, Anti-OTA monoclonal
é’ antibody

1 ETHRFUMENR-FNERGHRBES

|

B < Bl IR it

A base with circular magnet

A EFRC I OTAM BT R
OTA-BSA-Biotin

BEEER AN R - BRI AL B9 K S hn 12D
Strep-HRP-AuNPs

= AN EREE

Fig. 1 Schematic presentation of MNPs-bs-AuNPs-ELISA for the detection of ochratoxin A.
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OTA FRifE SR EEBE X H] 2 7.8-0.015ng/mL
CfELERaRE), BAMEX I bRl f AR OR &
0.05% MW A ) PBST SEAFUR G, = EXTHE
N: Strep-HRP-AuNPs FIFRIHE A B S AR TR &
W, FREREILNE 3 NPT, DL OTA KE
XA R AL bR L T ER N Ak bR, R
MNPs-bs-AuNPs-ELISA FrifE 2k, HRIFAHSEL.
1.6 MNPs-bs-AuNPs-ELISA #3055 45 54 0 47

R OTA &Ml Homh s W H B &
f¥EH OTB. OTC. Hih&E R E B, (AFB). &K
KRB (ZEN) IREEER (FBy . KB ER
(DOND. fEHFHZE (A7) MEFHEEER (PAT)
S MBI TEEPUR, M 1Cso fl, Iz Ft&E
X P (INESE 2015):

AT XN ZE (%)=(ZEN 1Cs0)/ (EAUM 1C50)x100%
1.7 MARERFAERR

FEAAT IS, 5 AT ZEH, FEHGH ik
A LT COTA A HE & 3 Y R - 7KV V0D
DA FEAS s 2 8 R 41 4 32 S 3 2 5 L
JEE - A7 ) P e S P e I S T, U5 Y
SR fe RS 45 SR 1 v 1, SR FH R A K ) 2
BB AT RiRE, DA PRI R o 20 o

Dk M B A RO =, BRI TR R AR
AHE T4 R A R R B IPERE A (oK THT#
FRE) BERGE, HAEMAUKRIIEERREE
(1:1. 1:3. 1:7) #ill#% OTA bR iAW, MWl
x| BUAS INARE D 22, DAL R RS 2, fdi45 2k
JoT e VH B ) TRI I, R4S e A il R B
1.8 #ARZERS iRt

5g FEARE T 50mL .08, M 25mL #
BUOB (HEEK=7:3, V/V), JRIZIPR¥ 15min J5
5000xg 50> Smin, i 8 & Al K R
HEAT R

MRYEATITEFE , 0 bRk FE o Inds 28 R n
T BUZ LC-MS/MS I8 iEiT ) OTA [PEREAS, 78
YW B IO R BT 60°CHEA T, NN OTA 4%
HEVE W, VRS JE B AR o AR IAR R A &

604 EMFIR

B 3T, HA AR A E S E 3 K.
19 PARFNMEMR-FHNRERERNE
(MNPs-bs-AuNPs-ELISA) 5 LC-MS/MS L& 36
X RIREA (FK L /N REEL [F] IR
MNPs-bs-AuNPs-ELISA FIl LC-MS/MS HEAT 4746300 o

2 BERG0H7

2.1 PAKREHK-RRERAEEEY (MNPs-Anti
OTA) HIHI&E

B B YRR (MNPs) . 40K i BRk-OTA #
TSR E S (MNPs-Anti OTA) AR 443 K 1 Bk
-AFB, FAL T DR A (MNPs-Anti AFB,), i
AL E ALY BE AR 1L H) OTACOTA-HRPOHEAT ELISA
B, BAERFES S 1.5. 451077 MNPs-Anti OTA
H I OD4so 5% MNPs F1 MNPs-Anti AFB; ZH 1)
P KT 2.1 (B 2), REFDEIhHI% BG4
AT 1 () S PEREER MNPs-Anti OTA

207

=
tn

Wy S
Absorbance {0D,.,)
'O -
w o

0.0

o)
’(\"g > MNPs
& i
Q QY
W R\

2 KHELIR-OTA B EHIAE S48 ELISA £7E
Fig. 2 Identification of the OTA monoclonal antibody coated

magnetic nanoparticles.

2.2 £YEFICIBIKIE (OTA-BSA-Bio) HIEE

2 HABA VL THE B EXPTE (OTA-BSA-Bio)
*H OTA-BSA:Biotin Z1°4 4.9:1, El4}4)>F OTA-BSA
FZ%R2H 4.9 4 F 1 Biotin; OTA-BSA-Bio 1)
ELISA %S4 R 3, MHEEAARICH OTA-BSA
2H, ZEN-BSA-Bio 1] 5 Strep-HRP $F 5345 & . 45
K8 OTA-BSA-Bio fill % .1, A e 4 4 o s
SR 75 v 25 E A
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25

20+

15+

W A B

Absorbance {OD,,)

1.0+

05+

0.0

OTA-BSA-Bio OTA-BSA

3 H¥% ELISA XY RIFIEHR OTA-BSA-Bio HIETE
Fig. 3 Identification of biotinylated ochratoxin A-bovine

serum albumin (ZEN-BSA-Bio) by direct ELISA.

2.3 MNPs-bs-AuNPs-ELISA %48 53 1E F iR S Fi 3=
S E AT E A E

J5 B % 52 V25 I MINPs-Anti OTA (1157 B £ 4k
4 1:200, OTA-BSA-Bio Al Strep-HRP-AuNPs 1 i
W FE 4 5124 0.005 F1 0.125ug/mL. 5545 & I [a]
ACEE R 4, 256 I SN T FD R B, e
A 45min.

1.2

[ OTA (+) . L
-~ B OTA (-
2 09+ )
Q
s =
2% 06f
=3 £
2 03} I
< l
0.0 - - . -
15 30 45 60

i 7 e [0]
Incubation time (min)

4 R[EE4% R FATEIXT MNPs-bs-AuNPs-ELISA T3 SR
:apAl

Fig. 4 Determination of suitable incubation time by
MNPs-bs-AuNPs-ELISA with (+OTA) or without (-OTA) addition

of ochratoxin A.

24 ETHAKRFRNMEVE-FNEREDN
MNPs-bs-AuNPs-ELISA #2ill OTA 75 AR L

ZARAL, MNPs-bs-AuNPs-ELISA Hfd: 52 B 4%
f5: MNPs-Anti OTA [IF5 B A5 50N 1:200;
OTA-BSA-Bio fll Strep-HRP-AuNPs 1 i ¥ &£ 43 51
0.005 A1 0.125ug/mL, a4+F[]°4 45min.

PA5E G+t J5E OTA A v fot 4% 5 5 5O AL
PLIIH R N AL bR, 81T GraphPad Prism 7 344
e InmI 2 (B 5). 2otk FE N y=0.4011x+
0.8557(R%=0.9935), £k P£3ii 4 0.02-0.73ng/mL,
il R FR A 0.01ng/mL, 2EEHIHIR (1ICso) N
0.13ng/mL.

A

10 r x
g 0.8
[}
L E 0.6
Ec
S804
o)
<
£02¢
0.0 y ! ' ¥ * * !
-25 -20 -15 -10 -05 0.0 05 10
ik 1175 55 AR FEXT 4
Log[concentration of OTA (OTA)]
B
1.0
y=0.4011x+0.8557
. R?=0.9935
g 0.8
Q
ool *5 0.6
=c
28 04t
e
=
£ 0.2t
0.0 : . . . . - !
-25 -20 -15 -1.0 -05 00 05 10

i it 5 5 AR XL
Log[concentration of OTA (OTA)]
5 ETHARBFNMEYR-FMRARGH OTA N5 E
ZFEHIFIMZE (A) MANFIRE S (B)
Fig. 5 Competitive inhibition of ZEN in MNPs-bs-AuNPs-ELISA
(A) and linear analysis of percent inhibition against OTA

concentration (B).

SR FE b, J T2 A ST o R 4 5
4+ ELISACIC-ELISA) Al T FR (1C40) 24 0.07ng/mL,
FHFAMHZ (ICso) A 0.38ng/mL, Kl K 4
2h (Zhang et al. 2015); ASHIF5T 57 13 T WA R
PUAE GRS 5 1G58 H S CE R -SRI R
RGNk Ehric) AL (MNPs-bs-AuNPs-
ELISA) TEZRFG AT B[R] IR [E] B C1h), REBESHE
s KRR (1Ce) A 0.01ng/mL, F-EHmii

E¥E 1k 605
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#F (ICsp) N 0.13ng/mL.
25 RTHAKRBRMEME-FNMERED
MNPs-bs-AuNPs-ELISA 1l OTA 45514 47
R T as RLER 1, #SZH MNPs-bs-
AuNPs-ELISA X} OTA 24 OTB. OTC & X = ¥
PRI ELG HCAth 3 D0 30 1 35 3 B A TE A UL, 32
B2 7 V0 S
2.6 ERMEHERR
AT FCHE ST ) MNPs-bs-AuNPs-ELISA 25 Jifi
BN 53 B 45 AR B, JEEX ) 3 FhAS (R A 1 52 0
R Rk, TR AR BELBAIK 1:3 1%
T S Y o B ARG (1 2 O VS o o4 11 28 155 s o
I HZ (PBS FiBE) A8, MIEEEFEA
AIALPRRS, FEHURZ 1:3 £5M R G B ] #E17 4

e CE 6.

#% 1 MNPs-bs-AuNPs-ELISA #37 OTA 452 4 47
Table 1 Cross-reactivity of MNPs-bs-AuNPs-ELISA to other

mycotoxins
TF H A XA
Analyte ICso (ng/mL) Cross-reactivity (%)
Ochratoxin A 0.13 100
Ochratoxin B 3.02 4.3
Ochratoxin C 1.61 8.1
Aflatoxin B, >2x10° <0.006
Zearalenone >2x10° <0.006
FumonisinB;  >2x10° <0.006
Deoxynivalenol >2x10° <0.006
Citrinin >2x10° <0.006
Patulin >2x10° <0.006
B
1.2 r——PBS

- \Wheat extract 1:1 dilution
——Wheat extract 1:3 dilution ~
L Wheat extract 1:7 dilution "

o
)

i) %
Inhibition rate (%)
o
[e)]

-25 -20 -15 -1.0 05 00 05 1.0

i 25 4 AT R
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1.2 _=——Soybean extract 1:1 dilution
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A
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P
N ©
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=
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Fig. 6 Matrix interferences of extracts from corn (A), wheat (B) and soybean (C) spiked with ochratoxin A and diluted in different

ratios with phosphate buffered saline as measured by MNPs-bs-AuNPs-ELISA.
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2.7 mFREBORLE

% 1.8 TR, B3 MAEAR (AN TLER
BRI F RO SR AL, 2 LC-MS/MS BiE
9 OTA BRI oK AN ZE R D HEAT A ilde o

HEHE MNPs-bs-AuNPs-ELISA IR X ], %
B OTA I IIFRIR FE A VRN 1.25.2.5.5 Al 10ug/kg.
TR 3 AFAT, HEZNE 3 Kk, 430 HAH
KBH.

SRR, AWFAEL MNPs-bs-AuNPs-
ELISA AR [BIUSC R 7E 85.6%—115.7%2 [8], fit[a]AH
AR 2N 6.5%-9.6% (% 2), idgh LK Z
ol 77 R HER A m HAR e e, B — @ sk A
PEFA AT S

< 2 HARMAREISER L B AR EE
Table 2 Recovery and relative standard deviations of
samples spiked with different levels of ochratoxin A by

MNPs-bs-AuNPs-ELISA

FEA OTAIRE i el EElES
Sample Concentration of OTA (ug/kg) Inter-assay Recovery
D) 1L oA RSD (%) rate (%)
Spiked Detected, MeanSD (n=3)
K 1.25 1.07+0.05 6.5 85.6
Corn 2.5 2.26+0.13 7.7 90.4
5 4.31+0.29 7.3 86.2
10 10.39+0.75 9.6 103.9
INFE 1.25 1.41+0.09 8.5 112.8
Wheat 2.5 2.3410.14 7.5 93.6
5 5.32+0.44 9.4 106.4
10 11.57+0.88 8.3 115.7
RE 1.25 1.37+0.07 6.6 109.6
Soybean 2.5 2.83+0.13 7.1 113.2
5 4.46+0.37 9.3 89.2
10 9.38+0.59 8.2 93.8

2.8 FBEGEL £ Z ML ( MNPs-bs-AuNPs-
ELISA) 5 LC-MS/MS #8514 43 4

K H MNPs-bs-AuNPs-ELISA F1 LC-MS/MS X}
19 13 RARFHMEAEA R CHTYT A8 6 06 A6 9% Bk 27 4
REFFEBEHE AL OTA dEATREIN (3R 3D, FHICHE
TR 7, LPERIETFEA: LC-MS/MS=

7 3 B MNPs-bs-AuNPs-ELISA 11 LC-MS/MS Xf R SRHEA

§ OTA IE B MEER

Table 3 Quantitative detection of OTA in natural samples by

the developed MNPs-bs-AuNPs-ELISA and LC-MS/MS
FEARGS  BT AR SR A I WO

Sample MNPs-bs-AuNPs-ELISA  LC-MS/MS
No. (ug/kg), MeantSD (ug/kg), MeantSD
1 13.85+1.19 16.62+1.35
2 15.03+1.41 19.28+1.26
3 18.32+1.72 22.94+1.32
4 27.19+2.35 25.57+2.71
5 2.15+0.16 3.98+0.73
6 18.65+1.67 15.97+1.41
7 21.93+1.98 18.39+1.03
8 16.32+1.53 20.01+1.61
9 2.16+0.17 1.36+0.12
10 22.37+2.03 27.71+£2.13
11 15.41+1.35 20.99+2.71
12 2.93+0.23 4.18+0.31
13 18.65+ 2.07 25.57+2.32
14 23.76+2.19 20.41+0.17
15 37.83+0.27 45.62+3.12
16 1.67+0.15 1.23+0.11
17 27.35+1.29 32.36%2.14
18 30.92+2.83 26.7142.13
19 17.63+1.19 14.87+1.21
50
y=0.8482x+1.3461

—__ 40} R?=0.8792

£ 30t

Ba

ﬁé% 20|

=0

=310}

0

0 1IO 2IO 3‘0 40 SIO
7 A B 2 3 AT R B S B A ik
MNPs bs-AuNPs-ELISA (ug/kg)

7 MNPs-bs-AuNPs-ELISA 5 LC-MS/MS #6145 SR A9 HE X 14
STHR

Fig. 7 Correlation of results obtained by MNPs-bs-AuNPs-
ELISA and LC-MS/MS for OTA detection in natural samples.
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0.8482 MINPs-bs-AuNPs-ELISA-1.3641 (R?=0.8792),
KPRA TSI TTEE LC-MS/MS FH 1L
U, AR SEBR A OTA e AR K

3 ik

AR R A (OTA) | iZi5 4e W e Hol
AV IENIE /L SIS WNESY U EZIEY RS g1l 0 K
3, A0 9% R G, TG TR T AFB,

(Li et al. 2019) . T~ 515 FEHUAAR 1) i 16 S 2 A
WL CELISA) H T HEMvE R . R e 1t 1 HAgAE
A5, O 2R T OTA [ fif 2 A A
(Sun et al. 2019) . AW F0 78 1 I AR (1) &4t £,
¥ OTA B [ B A2 B0, T 4 K I B 3 1 o) % 1
ER-PUREEY), JEIN S5 S48 PS5 3 ok
Flg, MK L5, BRI 2% 1 2k
THUKBR A AR -SERAE T REAEN OTA B
R R HRBE B A % ks U7 % ( MINPs-bs-
AUNPs-ELISA), SZHL 1 OTA AP | i 7 S5 4G o

PR LR B A I, &)z B T R
SR 7S (Wang et al. 2016); AW % -
FME RGP R TR MR R R SRR )
EWE S 4 0 FEMER, BT IZREHENZE
A 5 TBOR 22 48 7] A8 AH 5% S % b i 5 7 58 40 i
EnRE, BONHHH (Wang et al. 2013); &5
KAV L, Sl &EERRAIS, A
W T4 FAE Dy AR B, T4 v e il R 2

(Rezaei et al. 2011; Zhou et al. 2014; Razo et al.
2018).

FEARWT T, EBR LA S S W48 F AT 55 4
N AE ARG g AT, SN EE g 4y, AR
B BERESE AR -BUR S SRR i & BN S
— A TR TR [ 5E 2 AR IS SE A Vi, B
FEEDRICHUS B, MAEM RS SR 5
MR MR -AAR S S G 5, e O I A7 AE AT
19 A0 R A 1) Bl 00 RS 38 I, A B 5 R MR 4
150 55 3T AH R0 44 (1) 18] #5554+ ELISA (IC-ELISA)

(Zhang et al. 2015)FH L, i% MNPs-bs-AuNPs-ELISA
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AR T RIS [R], RS AU R R . 3 IS 5
SRS S, 5 AR R (E S Gk
W& TN ARG DK TR SRR T2 EE LI
OTA /M 5 vEAH L (Jiang et al. 2017; Liu et al.
2017; Songetal.2018), [FIFEEA LA .

AT T[] OTA B A iy R B I S % A
WNETTEIRGE, TR B RAS B SR, At A
TEbRFE s OTA IR & Bkl 5704, H
BT 1 A AT 3 A DGR AE A, 1% R AR
FHR ST Gy A7, W AE 2 BEL T A I AL | TPkt
A 7 A b R Bl 7R B A ol AR N S B = A O 2
FANTHES B, N AR AT
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